The Photogrammetric Appendage Structural
Introduction
On-orbit structural response measurements of the International Space Station (ISS) are required for loads validation and verification of structural mathematical models. Typically, structural response time-history data would be collected with on-board sensors such as strain gages or accelerometers, signal conditioned, and transmitted (downlinked) to the ground for further processing.
From the time history data, structural dynamic characteristics (structural mode frequencies, dampings, and mode shapes) would be determined using structural identification algorithms such as the Eigensystem Realization Algorithm (ERA) [1] .
Accelerometer and strain gage measurements of the ISS primary truss are currently planned for loads validation and model verification; however, accelerometer or strain gage measurements of solar array response are not being considered because of the impact on cost and resources. 
Design and Development
The objective of the PASDE experiment was to measure the response of the Mir Kvant-II module lower solar array shown in Figure I . During the docked portions of the mission, this array was outboard of the Shuttle on the port side, slightly ahead of the wing.
Based on the length of the Kvant-II solar array and possible viewing geometries, a PASDE design using six video cameras and recorders in three Hitchhiker canisters located in the Shuttle payload bay was selected. In this design, one camera in each canister is aimed and focused at the root of the array, and the other at the tip to provide full video coverage and optimize to the extent possible the triangulation geometry. Each video recorders could record 120 minutes of video data. Additional details regarding the on-orbit operations of PASDE can be found in [6] . 
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For a target viewed from I cameras, the vector of object space coordinates was computed by: ERA analysis assumes that each of the measurements is the free-decay vibration response at some point on a linear, multiple-degree-of-freedom system. Using digitized samples of time histories obtained as described in sections above, x(j), j= 1,2,3 .... ERA calculates the unknown parameters in the following characteristic equation:
r=-I where the unknown parameters are: M, the number of excited modes, A_r, the initial amplitude of mode r at measurement location i, Oir, the initial phase angle of mode r at measurement location i, co, the frequency of mode r, and or, the damping of mode r.
With experimental data, the number of modes M is often ambiguous due to "real world" effects such as Table  1 ). Figure 3 shows 12 locations on the Kvant-II solar array selected for response time history calculations. The locations are equally spaced in 2 columns on either side of the centerline of the solar array. Location Nos.
1 through 8 appear in all 3 sets of root camera video recordings. Location Nos. 9 through 12, however, appear in only 2 of the 3 sets of tip camera video recordings due to the data loss with the Bay 7 Tip camera previously noted. The motion at each location was determined using correlation analysis method, also as described previously. Five dominant modes were identified using ERA from the twelve points shown in Figure 3 . Based on the computed mode shapes, shown in Figure 9 , two of the identified modes were system modes of the mated Shuttle-Mir configuration, whereas the other three However, significant nonlinearities were also observed in this set of PASDE data. The nonlinear effects were characterized using a sliding time-window analysis (i.e., a piecewise linear analysis) within ERA. Table i) has been completed. Three-axis triangulated data for a point near the tip of the array (approximately location 12 in Figure 3 ) is shown in Figure 10 . Table 1 ) is shown in Figure 11 
Concluding Remarks
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